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TAPERED TO A POINT WITH SWEPTBACK OR SWEPTFOHWARD 
TRAI LI NG- EDGES FCE A LIMITED HANOI CF 
SUPERSONIC SPEEDS 

By Frank S. Malvestuto, Jr., and Kenneth. Margolis 

SUMMAHT 


The stahility derivatives valid for a limited range of supersonic 
speeds are presented for a series of swepthack wings tapered to a point 
with swepthack or sweptf orward trailing .edges . These wingB were derived 
by modifying the trailing edge of a basic triangular wing bo that it 
coincided with lines drawn from the wing tips to the wing axiB of symmetry. 
The stability derivatives were formulated by using the pressure distribu- 
tions previously obtained for "the basic triangular wing for angle of 
attack , sideslip, pitching, rolling, and yawing. Explicit expressions 
are given for the stability derivatives with respect to principal body 
axes and conversion formulas are provided for the transformation to 
stability axes. The results are limited to Mach numbers for which the 
wing is contained within the Mach canes springing from the vertex and 
from the trailing edge of the center section of the wing. 


INTRODUCTION 


Methods based upon linearized potential flow have been developed in 
references 1 to 5 for determining the pressure distributions for angle 
of attack and t-ideslipping, pitching, and rolling motions of a triangular 
wing of small thickness travel in g at supersonic speeds. The results of 
these investigations are valid for a range of Mach number for which the 
Mach cone springing from the apex of the wing may be behind or ahead of 
the leading edge of the wing. In reference 6 attention is given only to 
triangular wings contained within the Mach cone springing from the wing 
apex. Methods are obtained therein for dete rminin g the rolling moment 
due to yawing and the several side— force and yawing-moment derivatives, 
together with a collection of al 1 the known stability derivatives for 
triangular wings at supersonic speeds. As pointed out in these previous 
investigations, if the trailing edge of the triangular wing is modified 
so as to coincide with any line which is inclined at an angle always 
greater than the Mach angle (fig. l), a series of swepthack wings with 
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sweptback or sweptf orwar d trailing edges will "be developed which will 
have the same pressure distribution over their surfaces as that dete rmin ed 
for the basic triangular wing. This phenomenon is based on the well- 
known fact that, in linearized supersonic flow, disturbances cannot 
propagate any farther forward than the Mach cone from the origin of 
disturbances . 

The object of the present paper is to determine the stability 
derivatives at supers oni c speeds for this limited series of sweptback 
wings with pointed tips by using the pressure distributions previously 
determined for the basic triangular wing. Explicit expressions are 
presented for these stability derivatives with respect to the principal 
body axes and conversion formulas are provided for the transformation to 
stability axes. 

The results are restricted to wings that are contained within the 
Mach cones springing from the apex and the trailing edge of the center 
section of the wing. 


SIMBOIS 


x, j, z rectangular coordinates (figs. 1 and 2) 

u, v, w incremental flight velocities along x— , j~, and z-exes, 
respectively (fig. 3) 

p, q, r angular velocities about x— , y— , and z— axes, respectively 

(fig. 3). 


V 

M 

V- 

B 

a 

0 

€ 


flight speed 

stream Mach number (Y/Speed of sound) 


Mach angle (sin jQ 
cotangent of Mach angle (\f^ 
angle of attack (w/V") 
angle of sideslip (v/V) 
semi vertex angle of triangle 



(fig. 1) 


local lifting pressure (pressure difference between upper and 
lower surface of airfoil) 


P 
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P density of fluid 

t wing span 

c root chord of hasic triangular wing (fig. l) 

Cj. root chord of sweptback wing (fig. l) 


mean aerodynamic chord 


^ J (Local chord) 2 dy = j c(l — N)^ 


aspect ratio (A = — = 


2h 


S c(l - N) , 


N 


5 
C 

A 

6 


ratio of slope of leading edge to slope of trailing edge 


N = 


c ~ °r _ tan 6 
c - tan 6 


= 1 


4 cot A) 


wing area 


H 


hcj. = | hc(l 




leading-edge slope 



tan e 



sweepback angle of leading edge ( 90 ° - e ) 
angle of trailing-edge slope (fig. l) 


7 = tan” 1 | (fig. 1) 


n = 


x tan e xC 


(fig. 1) 


eg 


^s 

c 


distance of center of gravity forward of 


y 

static margin I ~ = 
c 


(I c '°'°) 


position 


k = v4 - B 2 C 2 
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E* (BC) complete elliptic integral of the second kind with modulus k; 


/ /l - k^sin^z dz^j 


e*(bc) 


complete elliptic integral of the first kind with modulus k; 
dz 


r IT- 


k^sin^s 


E* * (BC) = 


E*(BC) 


Q(BC) = 


[e"(bc)] 2 
Jl - B 2 ^ 


G(BC) = 


' 1 - B 2 ^ 


(1 - 2B2c2)E*(BC) + b2c2f*(BC) 


H(BC) = 3G(BC) — 2E* * (BC) 

2(1 - B 2 C 2 ) 


i(bc) = 


(2 -b^Je^bc) -b 2 g 2 e , (bc) 


J(BC) = E* * (BC)l(BC) l/l - B 2 c 2 
L* rolling moment 

L normal force (approz. lift) 

M* pitching moment 

N* yawing moment 

T lateral force 

Cp lift coefficient 


m 


(l^p^s 

(L*/|pT 2 Sh) 
pitching-moment coefficient (wj^ST^Sc 


rol ling-moment coefficient 



NACA.TN No. H6l 


5 


■C 


Cn 

°y 


yawing-moment coefficient 
lateral— force coefficient 
profile-drag coefficient 


; N*/|pY 2 St 


(y/^Ps 


'Profile drag' 
JpV 2 S 


■When a, d, q, p, P, and r are used as subscripts, a nondimensional 
derivative is indicated, and this derivative is the slope of the variation 


through zero. 


For example , 




f 





A dot above a symbol denotes differentiation with respect to time. 
All angles are measured in radians. 


TJhprimed stability derivatives refer to principal body axes; 
primed stability derivatives refer to stability axes. 


AHAUSIS 


The stability derivatives of a triangular wing of zero thickness 
at small angles of attack in a supersonic air stream have been determined 
theoretically in the investigations of references 1 to 6. These 
derivatives, with the exception of those which depend cn skin friction, 
may be separated into two classes — the derivatives -which depend upon 
the distribution of pressure over the wing and the derivatives which depend 
upon the suction force along the leading edge of the wing. Although the 
edge— suction derivatives have been summarized in this paper, the pressure 
coefficients needed to determine these derivatives are not presented. 

The local lifting-pressure coefficients used to obtain the derivatives 
which are dependent on the pressure distribution over the triangular wing 
contained within the Mach cone springing from the apex are presented in 
table X. These lifting— pressure coefficients and also the lifting 
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pressures ^Local pressure coefficient times gPV^) are of the general 

form. sPf (t) ) •where x is the x-component of the distance "from the 
origin of the axes to a particular point on the wing and q is the 
ratio of the slope of a ray from the vertex of the wing through the 
point to the slope of the leading edge of the wing. (See fig. 1 . ) 

For the local lift in g-pressure coefficients of the stability derivatives 
listed In table I, the exponent n of the distance x is either 
equal to 0 or to 1 . For n = 0 , the pressure is constant along any 
ray q = Constant from the vertex; this case is termed "conical flow." 
For n = 1 , the pressure increases linearly along each such ray, and 
the flow may be termed "quasi— conical. " 

The particular form x n f ( q ) noted for the distribution of the 
lifting pressures suggests the "triangular” integration procedure for 
determining the forces anil moments. Thus, the wing is considered as 
composed of an infinite number of elemental triangular areas (see fig. l). 
The lift and first moment of the lift are then determined for each 
elemental triangular area and the results summed up by integration to 
give the force and moment derivatives for the complete wing. Figures 2 , 

3, and 4 indicate the position and positive direction of the axes used 
in the analysis together with the positive direction of the velocities, 
forces, and moments relative to these axes. 


Conical flows: Derivatives 




, C , and 

% 


C7„ Table I shows 


that the local lifting-pressure coefficients of the derivatives Cj^, 
Cjj^, and C-^p depend solely upon q and therefore represent conical 

flows. The lift of an elemental triangle (see fig. l) is 


31 = 2 X 1 ^1 


( 1 ) 


where P(q) is the local lifting pressure for any of these three 
stability derivatives. Since and y-^ can be written as functions 

of q, that is. 


X 1 


1 c — 

2 1 - Nq 



1 - Hq 
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equation (l) becomes 


dl = | c 2 C 


?(t)) dt) 
(1 - N n ) 2 


( 2 ) 


For the moment of lift of an elemental area first consider the fact that 
can he dete rmin ed from reference 1 that for a conical— flow condition the 
resultant lift of a triangle acts at a point 2/3 the chord of the 


triangle from the vertex, or for this case Xj_ of the elemental 

triangle. Hence, the moment of the elemental lift about the 7- axis 
(origin at the vertex of the triangle) is 


dM* = - | x-l dL 


and b7 the use of equation (2) this moment becomes 


aM' =-| 5 3 c ■ P( -3 ) - d ' 1 

8 (l — Hq) 3 . 


For moments about the x— principal axis (rolling moments) 


(3) 


dl* = -y dl 

■where 7 is the 7— coordinate of the position of the center of pressure 
for P = f (tj ) . Figure 1 indicates that for this condition 


7 = 



= cC 


T] 

1 - NT] 


hence 


dl* = 


9 q3q 2 F ( r lk dr I 
^ (l-Hq ) 3 


w 


Equations (2), ( 3 ), and (k) are the differential forms of the lift 
and the pitching and rolling moments of the wing about the vertex when 
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idle pressure di s tr ibut ion is a function only of T| . In order iso obtain idle 
lift and the pitching and rolling moments, the P(rj) functions pressure 

coefficients multiplied "by for these motions obtained from table I 

are substituted into equations (2), (3)j find (^-) and these equations are 
integrated "with respect to tj over the entire wing. Because the wing 
is symmetrical with respect to the x— principal axis the integration 
can be performed between the limits 0 to 1 and, the results multiplied 
by 2. Th e n andimens i anal integral forms of the stability derivatives 

and have been derived, converted to a different center-of— 

gravity position, and listed in table I. The new center of gravity is 
located a distance 2. c from the vertex, and the shift affects only the 
derivative C^. Integration of the integrals involved in these deriva- 
tives will produce functions of N which give the variation of the 
stability derivatives with IT, the ratio of the slope of the leading 
edge to the slope of the trailing edge of the wing. The deriva- 
tive C T ^ has previously been determined in reference 7 for the 

type of wing considered herein. . 


Qua'si-ccnical flows: Derivatives C y^ , C-^, C^, 


and C 7 .— 


Table I indicates that the pressure coefficients for the derivatives C-^ 
Cj, , C TT) ^ J C m C i , and C-^ are of the form xf(t]) where x is the 

x-companent of the distance from the vertex of the wing to the point in ' 
question. For this case the lift of an elemental triangle is given by 


xf(t])xC dt] dx 
x=0 


which can be rewritten as 


r 2 =x i 

di = f ( T] )C dT] J x^dx 
x=0 


dL = f(ti)C -j- dr] 


hence 


dL = | c3c iiali 3- 
8 (1 - Nil) 3 


( 5 ) 
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Eeference 4 in dicates -that when the pressure is of the form xf (q) 
the resultant lift acts at the —chord point of the triangle which for 
this case is equal to x-^. ~ 

the vertex of triangle) is (see equation (5)) 


The moment about the 7-axis (origin at 


AM* = - ^ Xjl dl 
W . — ^ o 4 C d \ 


64 


(1 - Bti) 


(6) 


In a manner similar to the development of equation ( 4 ), the following 
rolling-moment equation results when P = xf(q) 


dL* = -y dL 


dL* 


c4q 2 f Wn 
64 (l - Nt]) 4 


( 7 ) 


Equations (5), (6), and (7) are the differential forms of the lift 
and pitching and rolling moments for cases where the pressure distribu- 
tions are of the form xf(r]), that is, of a quasi-conical tTpe. Sub- 
stitution of the appropriate function f(T]) for C T ^ and C-^ 

equation (5), for and 0^ in equation ( 6 ), and for C ^ 

in equation (7) will give these derivatives as a function of N 
the necessar7 operations are performed and the resulting equations are 
reduced to coefficient form. Table I presents the ncndimensianal integral 
form of these derivatives with the origin shifted from the vertex to a 


in 
and C 
after 


*r 


point ■=• c from the vertex. 


Edge— suction derivatives 


Cnp* 


V V 


dy ) 

JL 


and 


C-y # 

x r 


The 


7awing and side— force’ derivatives depend upon the suction force along 


the leading edge of the wing (references 3 and 6). This suction force 
arises as a consequence of the subsonic nature of the exte rnal flow 
field in the vicinity of the leading edge of the wing when the leading 
edge is swept behind the Mach cone springing from the apex of the wing. 
Cha n ges in the sweep of the trailing edge and area of the wing brought 
about b7 varring N have no effect on the leading-edge suction forces 
for the class of sweptback wings considered herein. These wings, as 
stated previousl7, are contained within the Mach canes, springing from 
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the vertex and from the trailing edge of the center section of the -wing. 
The values of the coefficients are modified, however, because of the 
difference in the reference wing area; tha,t is, the wing area of the 
sweptback wing is equal to (l — K) times the wing area of the basic 
triangular wing. The derivatives obtained in reference 6 have been 
accordingly modified and are presented in table H of this paper where 
the quantity (l — K) has been denoted by F-, - 1 (K) . The degree of • 
applicability of these suction-force derivatives to actual full-scale 
wings is somewhat uncertain for the reasons pointed out in reference 6 
for triangular wings. 


RESULTS AED DISCUSSION 


The preceding section set forth a method for determining the 
stability derivatives for a limited series of sweptback wings with 
pointed tips and sweptback or sweptf orward trailing edgeB as a function 


of the trailing— edge— sweep parameter 


tan e _ _ 4 cot A 

tan 5 A 


The 


procedure employed pressure coefficients previously determined for the 
basic triangular wing. Table H gives the values of the stability 


derivatives In the pr±aoipal-axes system with origin at (§ c.o.o) as 

shown in figure 3 and also the conversion formulas for determination 
of the derivatives in the stability system, of axes with origin at 

a distance x cg ahead of the c, 0 ,o) point as shewn in figure 4. 


These formulas giving the conversion of the stability derivatives from 
the principal-axes system to the stability-axes system were obtained by 
an extension of the transformation equations of reference 8 to take 
into consideration the shift in the origin of the stability axes of 
distance x Qg ahead of the origin of the principal axes. In the con- 
version formulas for the stability-axes system terms whose magnitudes 
are extremely small compared with unity have been omitted. The 
quantities E'^BC), Q(BC), G-(BC), H(BC), l(BC), and J(BC) are the 
elliptic integral factors of the stability derivatives that determine their 
variation with Mach number. These factors are shown graphically in 
figure 5 . The F(N) factors of each of the derivatives are functions 
of K which give the effect of trai Tin g-edge sweep on the derivatives. 
Figure 6 presents the variation of the F(N) factors with K from N = — 1, 
which corresponds to the case where the Mach lines coincide with the 
leading and trailing edges of the wing (symmetrical diamond plan form), 
to K = 1 , which corresponds to the limiting idealized case for which 
the trailing edge coincides with the leading edge of the wing. For N = 0, 
of course, the plan form of the wing corresponds to that of the basic 
triangular wing. For those derivatives listed in table II for which 
integrals are listed in table I, the F(N) factors are merely (with 
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two exceptions, F^(N) and Fg(N) ) the values of the integrals divided 

"by their respective values at N = 0. These derivatives then reduce 
at N = 0 to those appropriate to the basic triangular wing. Because 
of the extremely rapid variation of some of the F(N) factors with N, 
the product (1 — N) n F(N) was plotted in figure 6 for these cases 
instead of merely the functions. The formulas for the F(N) factors 
are listed in the appendix together with the solution of the definite 
forms of the integrals appearing in each of the F(N) factors. For 
extremely accurate evaluations of the stability derivatives- it is 
suggested that the necessary F(N) factors be calculated using the 
formulas for these factors listed in the appendix instead of using the 
curves of the F(N) factors presented in figure 6. 

Typical variations of the stability derivatives with trailing— 
edge-sweep parameter N and with Mach number M are presented in 
figures 7 and 8, respectively. Because of the localized infinities 
at BC = 1 for the suction derivatives Cy^, Cq , and in the 

principal— axes system, all the lateral derivatives in the stability— 
axes system (determined by a transformation from the principal axes 
to the stability axes) which contain these suction derivatives will 
also become locally infinite at BC = 1. For thiB reason the vari- 
ations of the illustrative lateral derivatives in figure 8 are given 
for a range of Mach number with an upper limit slightly Iobb than the 
Mach number corresponding to BC = 1. It may be noted that such a 
localized infinity is defined with reference to an Infinitesimal angle 
of sideslip, and the average derivative for a small but finite sideslip 
is not extremely large. 


In reference 9 the consideration of skin friction 1 b shown to 
yield an appreciable damping moment. The skin— friction moment has 
been evaluated therein as 


(N*) f 




°D 0 W 



+ 



dy dx 


(8) 


where Vr is the resultant velocity and Yj^ = 
and p iB the local sideslip angle and equals 


(y - ry)* 2 

4~ I 


Y 


+ r2fx-2 

i 3 

— to the 



first order in r. Equation (8) also applies to the wings considered 
herein provided the necessary changes are made in the limits of integra- 
tion. Substituting the proper limits for the sweptback wing in the 
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integrals of equation (8) and performing the necessary operation 
yields the following nondimensional form of the skin— friction couple 
that is a part of the derivative C y, 


(S-)f - 





(x-|o) P + y J 


dx dy 


(9) 


where , in terms of N and A, the upper limit y cot 6 + c r of the 

2 N(2y — h) + h 


inner integral is equal to j- 

ii 


% 


1 - IT 


and the lower limit y/c is 


The evaluation of equation (9) gives, to the first 


equal to 

A(l - IT) 

order in r, in the body-axes system. 



k 1 - IT + 3 H 2 
9A 2 (1 - IT ) 2 


1 - IT + 3N 2 
where the function — 

a - it) 2 


against IT in figure 6. 


designated by 


F-jpCn) is plotted 


In the formulation of the derivative C, the associated local 

he 

lifting-pressure coefficient listed in table I and originally determined 
in reference 6 does not include the effect of the spanwise variations in 
local Mach number caused by yawing (although the variation in forward 
speed is taken into account). In the text of reference 6 based on the 
results of calculations on an infinite-aspect-ratio rectangular wing 
using Ackeret theory, it is Indicated that the spanwise variation of 
the compressibility effect to the first order in r will produce first- 
order changes in the local lifting pressures and hence in the rolling 
moment due to yawing. The value of C 7 presented herein and obtained 

under the approximation of zero spanwise variation of the local Mach 
number is therefore subject to doubt and should be considered only as a 
rough indication of the true value. 


The stability derivatives of this paper are valid only above a 


tan e 


which is the 


certain minimum Mach number given by BC = [ XT | = | ^. flr| 
condition that the trailing edge be swept less than the Mach lines. An. 
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additional limitation is that the Mach number must he sufficiently above 
unity for the linearized theory to apply. In addition to these limita- 
tions on the range of validity of the derivatives, the limitations for 
the basic triangular wing discussed in reference 6 also apply to the 
sweptback wing of this paper. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., September 23, 19^8 
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APPEHDIX 

EVALDAITOIT OF TFTF1 F(N) FACTORS OF THTF 
STABHilTT DERI7ATIVTS 


The determination of the F(IT) factors necessitates the evaluation, 
of the definite integrals given in table I. The integrals of table I 
are or can be formed from the following basic integrals: 


X L = 


*(1 


dT) 




sin 


-1 ^ - n 


B/l - T ] 2 


(US - nyrrp 1 - nT i (rr 2 -1)(1 -NT]) 


| + sin - -% + sjl - S 2 
(l -K 2 ) 3 / 2 


^ = 



&3 

(1 - Kti)3/i - T] 2 


-(H 2 + 2) 


'll 


sin' 


-1 g-zu 


ff3 + gN 2 T[ - ^Bf/l - T \ 2 


[ 2 (J ■ 1_IfT1 2(H 2 -l) 2 (l-*r n ) 2 _ 


(2 + N 2 )^ + sin -%) + IT(A- - F 2 )/l - N 2 


2(1 - U 2 ) 


5/2 
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^ 

(i - n 2 


r 31^ + 2 

2(N 2 - l) 3 /l “ N 2 


sin 


-1 S - 


1 


1 - Hi) 


,ti 2 (4T1^ + nif3) - n( 3 lA + 27 M 2 ) + 2ff5 - ^f3 + !8 it]/i - 

6CU 2 - 1) 3 (1 - Ify) 3 


-ll 


J o 


3(3fp + 2)(! + Sin -1 N) + (2N 5 - 5N 3 + iSlOj/l - B 2 

6(1 - N 2 ) 3 /! - N 2 



n 2 iTi 

(1 - Nt]) 3 /i - T| 2 


2H 2 + 1 . _i it - tj - n 2 ) - 3W 3 1/1 - t ] 2 

sin — + — — 

2(w 2 - 1-NT] ^(n 2 -i) 2 (i -wn) 2 

(2N 2 + l)(| + sin -1 !?) + 3ir/l - U 2 
2(1 - IT 2 ) 2 |/l - B 2 
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4h2 + 1 - ,-1 


sin - 


2(N2 -.1)71 -N2 1 “ ^ 


[ n 2 (6N5 + ION 3 — N) — - 27H 2 + 3) + 2N 3 + 13n]/l - if 

6 CN 2 - 1) 3 (1 - Nt ]) 3 


3(4N g + l)(| + b1h~-*-n) + N(2N g + 13)/l - H 2 


6(1 - N 2 ) l/l - N 2 


The F(N) factors are formulated "by referring to tables I and H 
and by using the evaluation of the five basic integrals and are as 
follows : 


F X ( N ) = | (1 - 


g(l - H)l/g /„ | 
Jt(l + N)3/ 2 \ 2 



f 2 (n) = ^ (1 - N) 2 (I 2 - 14) 


2(1 - N ) 1 / 2 

rt(l + n)3/ 2 




sin ■% 
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F 3 (N) = ^ (1 - N) 2 ^2l2 - 1^ 


3*(1 + Np/ 2 ( 1 _ N) 1 / 2 L 


3^1 + Bin -1 !?) + N(5 - ai^yr 


F 4 (N) = | (1 - N)^ 

= 07 ! r- 7 - + sin- 1 !! + n/i - H 2 ) 

jt(l + N) 3 / 2 (l - IT) 1 / 2 \ 2 ' 

F 5 (IT) = | (1 - N) [ji - (1 - N)!^] 


IT 


it(l + IT)5/ 2 (1 - it) 1 / 2 l 


(2 - N)0- + sln _1 lT) + (N2 + 21 


%(u) = if - N)S I (13 - b) - n) 


Jt(l + 1T)5/2(1 _ N) 1 / 2 L 


(1 - 8N)(| + sin - 1 n) - H(6ffi 



- 2)/l - N 2 


8n - 7)/l - N 2 
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V N) - § (1 - H) 2 [| ( 2I 3 - * 5 ) - rri ( 2I e - y 


3it(l + W)7/2(1 - W)3/2 


3(6w 2 - 8W + l)0 + sin“%) 


+ NC12W 14 - + l6W 3 - 2QW 2 - 40W + 29)l/l - W 2 


5- 8 (W) = | (1 - 


1 ^ I i-7 J ^; I 2 


v 1 “ 1 - W 


w 


jr(l + W)5/2(1 _ W)3/2J_ 


(2 - W)0- + 8ln _1 w) + (H 2 + 2W - 2)|/l - H 2 


F g (W) = £ (1 - E) 2 !^ 


r r- (2W 2 + l)(% + sin -1 !!) + 3 N|/l - W 2 

rt (l + w)5/ 2 (i-w)l/ 2 L V 2 / J 


JfxoW = ; (1 - 


2(1 - w ) 1 / 2 


3«(1 + W) 


T 72 


3/4W 2 + 1)0 + sin -1 !?) + W(2W 2 + 13)/l - W 2 
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F^OO = 1 - E 


(Eatio of area of swepfrbaci: wing to "basic triangular wing 




3H 2 - E + 1 . 

(1 - n ) 2 


(See discussion of derivative C^. ) 

The variation of each of the F(E) factors with E 
E = — 1 to E = 1 is presented in figure 6. 


from. 
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Figure 1.— Sweptback wing tapered to a point with sweptback or ' 
sweptforward trailing edges. The elemental triangle and 
associated data are shown with respect to wing with sweptback 
trailing edge. Note that trailing edge is always inclined at 

an angle greater than the Mach angle f\ N [ = BC j . 
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Figure 2.- Axes and notation used in analysis. 



Figure 3 • - Velocities, forces, and moments relative to principal axes 

O 

with origin at =c. 

3 



Figure if-. - Velocities, forces, and moments relative to stability axes 

p 

■with origin at - ^cg* Principal axes of figure 2 dotted in 
for comparison. 
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Figure 6 .- Concluded .. 






Figure 7.- The variation of the Bt ability derivatives with H. 


A *= 62°; M = 1.6; -=- = 0.055 Cj) o = 0.006; Cl = 0.1D for 
derivatives Cj p ', C^' , 0^' , C^* , C^* , 0^*, 0^* , 

and. Cy * . |n| = 1 - k C °-» = BC. 
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fb) a = 46°. 
Figure 8 . - Concluded . 




